Acriflavine treatment of an istamycin-producing Streptomyces tenjimariensis strain designated SS-939 resulted in a high frequency of isolates with reduced istamycin production. Some of these were shown to have lost a particular plasmid present in the parent strain. Istamvcin production by these isolates was largely restored by the addition of 2-deoxystreptaminc (DOS) to the medium whereas the effect of DOS was small in the strain SS-939. Sodium palmitate also stimulated production, especially when added together with DOS. These stimulative effects by DOS and palmitate, however, were not exhibited in the presence of glucose (1.0%).
In previous papers1,2), we reported that Streptomyces tenjimariensis SS-939 harbors plasmids and produces new aminoglycoside antibiotics, istamycins A and B. In this paper, the effect of acriflavinc treatment on istamycin production was studied to examine the possible involvement of plasmid(s) in istamycin production.
Materials and Methods
Acri_avine treatment Streptomyces tenjimariensis SS-939 was treated with acriflavinc according to the method described in a previous paper3).
Production of istamycin The parent strain (SS-939) and acriflavine-treated isolates were incubated at 27-C on agar (1.5%) pieces and in a liquid medium. Both media contained the following ingredients; potato starch 1.0 soy bean meal (Prorich S; Ajinomoto Co.) 1.5%, glucose 0.2%, NaCl 0.% MgSO4-7H2O4 0.1 Y. and K2HPO, 0.1 %, pH 7.0. Antibiotic activity was measured as istamycin A production using Bacillus subtilis PCI 219 as the test organism.
Detection of plasmids Plasmid DNA was separated from chromosomal DNA by ethidium bromide-cesium chloride ultracentrifugation1), dialyzed against TESL, loaded on a sucrose neutral density gradient solution (5-20%) and centrifuged at 36,000 r.p.m. for 105 minutes at 20°C in a Hitachi RPS 40T swing rotor. Agarose gel electrophoresis was performed by the method described in a previous paper1). antibiotic activity on the agar piece medium appeared at a frequency of more than 20%.
Results

Effect of Acriflavine
All the isolates still harbored plasmids detected by EtBr-CsCl ultracentrifugation.
However, a few of them seemed to have lost a certain species of plasmid, which became evident when agarose gel electrophoretic patterns were examined ( 
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Istamycin Production by Acriflavine-Treated Isolates Acriflavine treatment of S. tenjimariensis SS-939 yielded isolates which lost both the capacity to produce istamycin on the agar medium and a particular plasmid. Istamycin production by these isolates was further examined in a liquid medium on a rotary shaker (180 r.p.m.) and compared to that of the parent strain.
Istamycin has an aminocyclitol moiety (2-deoxyfortamine). This moiety is similar to 2-deoxystreptamine (DOS) which is a moiety common to several aminoglycoside antibiotics, such as kanamycin and neomycin. Idiotrophs requiring DOS were reported to be obtained by acridine dye treatment THE JOURNAL OF ANTIBIOTICS DEC. 1980 of kanamycin-3•4), neomycin-5) or paromomycin-6) producing Streptomyces species. Streptamine also induced antibiotic production in a DOS-requiring idiotroph of a kanamycin producer)''. In view of these results, the effect of aminocyclitol on istamycin production by acriflavine-treated isolates was examined using DOS instead of 2-deoxyfortamine. As shown in Fig. 4 , the isolates which were selected as low istamycin producers produced istamycins prior to addition of DOS at a level about 1/3 of the amount produced by the parent. Addition of DOS (0.1 %) increased antibiotic production by isolates IN-9 and IN-10 up to a level comparable to that of the parent. DOS stimulated production in the parent too, but the effect of DOS was considerably lower than in the isolates. It is also known that treatment of antibiotic-producing streptomycetes with curing agents often causes an apparent pleiotropic change in their phenotypes. It has been suggested that these effects can be explained as a result of altered membrane permeability7). The effect of aliphatic fatty acids was examined since it has been reported that administration of fatty acids such as oleic and palmitic acids to an S. fradiae crypto-producer of neomycin resulted in restoration of neomycin production to the level of its parent strain, in addition to altering the fatty acid composition of its cellular membrane8,9).
As shown in Fig. 5 , all fatty acids (palmitic, stearic and oleic acids) tested stimulated istamycin production by the parent strain. The strongest effect was shown by palmitic acid which doubled istamycin production. Palmitic acid also stimulated production by the acriflavine-treated isolates. Table 1 shows the effect of glucose on istamycin production. Increasing the concentration of glucose in the medium from 0.2 % to 1.0 % resulted in a marked decrease of istamycin production by the acriflavine treated isolates, but not by the parent strain.
Since it was thus found that at least three chemical factors, DOS, palmitate and glucose, influenced istamycin production, the combined effect of these factors was examined (Table 2) . When both DOS and palmitate were added to a medium containing a low concentration of glucose (0.2%), istamycin production by both the parent and the isolates was synergistically enhanced. This effect, however, was depressed by increasing glucose concentration up to 0.5,, or 1.0%. The effect of DOS on the isolates and of palmitate on the parent were also markedly depressed by the presence of 1.0% glucose.
A synergistic effect of DOS and palmitate was not exhibited in the presence of 1.0% glucose. 
Discussion
Acriflavine treatment of istamycin producing S. tenjimariensis strain SS-939 resulted in the occurrence of isolates which exhibited markedly lowered istamycin productivity accompanied by loss of a particular plasmid. Istamycin production by these isolates was restored by the addition of DOS to a level comparable to that of the parent strain, although the parent strain was not strongly influenced by DOS. Sodium palmitate also showed a stimulative effect on istamycin production, especially in the parent strain, and combined addition of DOS and palmitate further increased istamycin production by both the parent and the isolates. This marked stimulative effect on istamycin production, however, was not exhibited when the glucose concentration in the medium was increased from 0.2 % to 1.0°0. These observations suggest that a certain species of plasmid is involved in istamycin production by S. to njimariensis SS-939 and the composition of membrane is an important factor in istamycin fadiae production as was shown by ARIMA et a/. '9) to be the ca crypto-producer of neomycin, although detailed studies are needed. Plasmids participate in antibiotic production as carriers for genes involved in biosynthesis, as demonstrated in methylenomycin A production by S. coelicolor A3(2)10,11) in self-resistance 10, 12-14) and possibly in membrane permeability7).
In istamycin production, at least one plasmid which was cured by acriflavine treatment may be involved through membrane permeability. However, the other plasmids observed in the strain could not be cured by acriflavine treatment, and their roles remain completely unknown. Further investigation is now in progress. It is also of interest that DOS stimulated antibiotic production by acriflavine-treated isolates. A dose response to the stimulation was also observed (data not shown).
We are now studying whether DOS causes new antibiotic formation as result of intact incorporation during synthesis of istamycin(s).
